We carried out a research performance analysis of leading higher education institutions in Malaysia using bibliometric data from the latest (2014) release of the Scimago Institutions Rankings (SIR). We tracked the complete performance chain: input-output-excellence-outcome-productivity using indicators that represent quantity, quality and productivity dimensions. The quantity dimensions are size-dependent, whereas the quality and productivity dimensions are sizeindependent. The largest active institutions, the most productive institutions and the fastest improving institutions over the period 2009-2014 were also identified.
IN most countries, the higher education institutions (HEIs) taken together are the biggest contributors to academic research output. In the latest Scimago Institutions Rankings (SIR) World Reports (http://www.scimagoir. com/), all 22 of the top research organizations in Malaysia ranked by output belonged to this sector. These can be considered as significant research-intensive organizations. The first global university rankings of HEIs became available in 2003 when Shanghai Jiao Tong University published the results in what is now known as the Academic Ranking of World Universities (http:// www.shanghairanking.com/ARWU2014.html).
The Shanghai ARWU rankings, as well as many other similar rankings, e.g. the Leiden rankings, the Taiwan Higher Education Accreditation Evaluation Council University ranking (HEEACT), and the EU Assessment of University-Based Research (AUBR) are based mainly on research indicators and focus predominantly on indicators related to the research function of the universities.
The SIR rankings stand out in that they are comprehensive and rigorous, and also transparent as they are based on Scopus data. One new feature that has been introduced is the indicator called the scientific talent pool (STP), which is the number of authors from an institution in the total publication output of that institution during a particular period of time. This indicator can be taken as a reasonable proxy of the input that goes into scientific research activity.
The SIR reports also give output indicators which can be interpreted as belonging to quantity (size-dependent) and quality (size-independent) dimensions. This allows us to compute a size-dependent composite performance indicator which is the measure of the outcome of the research effort. The ratio of the outcome to the input then becomes a measure of the productivity of the institution, and this is expected to be a size-independent indicator. Also, note that the ratio of the quantity of output to input is another proxy for productivity but without taking into account the quality of research. We thus have an end-to-end performance analysis based on the inputoutput-excellence-outcome-productivity depending on six indicators.
The Malaysian higher education system has evolved gradually from its first public university established in 1959 to 20 public universities at present. Since the 1990s, the increasing student demand in Malaysia for university education has led to the changing higher education scenario in the country. The Malaysian parliament passed The Private Higher Educational Institutions Act and the National Accreditation Board Act in November 1996, which led to the establishment of private universitiesMultimedia University as well as branch campus of foreign universities such as Monash University, University of Nottingham and University of Newcastle among others. In parallel, there also exist many private colleges with offer split degrees with international universities in various modes.
In 2006, the Ministry of Higher Education (now merged with the Ministry of Education) identified four research universities -University of Malaya (UM), Universiti Kebangsaan Malaysia (UKM), Universiti Sains Malaysia (USM) and Universiti Putra Malaysia (UPM) as part of the National Higher Education agenda to enhance the traditional teaching universities to promote research activities and postgraduate training, and meet the aspirations of the country to establish world-class universities. In line with this, these four universities were provided an additional research funding of about RM100 million yearly. In 2012, Universiti Teknologi Malaysia (UTM) was identified as the fifth research university in Malaysia.
In parallel, the annual research budget to the Minisitry of Science, Technology and Innovation (MOSTI) and Ministry of Higher Education (MOHE) has been increased significantly in the last 7 years to assist researchers from universities and research institutions [1] [2] [3] [4] [5] . Recent biblometric studies 6 show that Malaysian research productivity has seen an unprecedented growth in research papers indexed by Scopus as well as the ThomsonReuters Web of Science since 2005.
The latest version of the SIR report which has been released on-line in August 2014, allows us to see the time evolution of leading research institutions over a six-year window (2009 to 2014). For each of these years, the data used to generate the indicators cover a five-year period; thus, in the report for the year 2014, the results used are those for the five-year period 2008-2012. All variables in the SIR are normalized on the 0-100 scale with the leading institutions in each category having the highest score of 100. Although no direct raw data are given, it is still possible to see how institutions have performed over the years, relative to the leading institutions in each indicator category. The total number of authors from an institution in the total publication output of that institution during a particular period of time (STP) is a size-dependent indicator which gives a measure or proxy of the input that goes into scientific research activity. Throughout the period 2009 to 2014, Centre National de la Recherche Scientifique (CNRS) of France was listed as the largest institution in the world with the score of 100. From Table 1 we can see that most of the institutions in Malaysia are small by CNRS standards. The Universiti Putra Malaysia is seen to be the largest institution in terms of active scientific researchers. This is followed by USM, UKM and UM. Table 1 also shows the change in STP of the leading 22 Malaysian universities from 2009 to 2014. The SLOPE function available in Excel is used to compute the progress or decline in the size of STP of the the various institutions ( Table 1 ). The MARA University of Technology (UitM) is the fastest growing in this regard. As a general rule, we see that the larger universities are growing faster than the smaller ones. We also see from Table 1 The O (or output) indicator in SIR is a measure of the quantity or size of the publication output of an institution and is the total number of documents published in scholarly journals indexed in Scopus. It is size-dependent. Again, throughout the period 2009-2014, CNRS was listed as the largest institution in the world with a score of 100 from the output point of view. Table 2 shows how the output of the leading 22 Malaysian universities has varied from 2009 to 2014. We expect that larger institutions will have correspondingly larger output, but with provisions made for variations in productivity. Thus, now UM registers the largest output, having switched places with UPM, which goes to the fourth place. The SLOPE function in Excel shows the high-output universities are also increasing their output at a commensurate rate.
Hendrix 7 has shown that the ratio O/STP is a productivity measure that is size-independent. Table 3 Going by this indicator, the highest quality of research is performed at the University of Nottingham, Malaysia Campus and the Monash University, Bandar Sunway. Curiously, the SLOPE indicator reveals that in both institutions, there has been a perceptible decline over the years. Indeed, in all, 16 out of the 22 universities are registering a decline. It is important to keep in mind that these relative declines have to be rationalized in term of the very high standards set by the Broad Institute of MIT & Harvard, which occupied the top rank from 2012 to 2014, and the Whitehead Institute for Biomedical Research which was credited with a score of 100 score in 2010 and 2011. Figures 1 and 2 capture the excellence-output trajectories for the group of high-output and low-output universities on a two-dimensional map. We see that while most universities have been growing in size, very few have been able to sustain a high level of impact or quality. So far, we have introduced STP as the primary inputside quantity indicator, and O and q as the primary output-side quantity and quality indicators respectively. One can think of O as a zeroth-order indicator of performance and qO as a first-order composite indicator of performance. Prathap 8 has shown that it is possible to generate a single-valued composite outcome indicator, which is a second-order indicator called the exergy term combining the quantity and quality indicators, X = q 2 O. Thus, in addition to the output-based productivity indicator O/STP, we can also have an outcome-based one computed as X/STP. Tables 5 and 6 show how the various institutions have performed in terms of the sizedependent X and the size-independent X/STP. On X the best performing universities are USM and UM. Using SIR 2014 data, we have carried out a systematic end-to-end performance analysis of the leading HEIs in Malaysia: input-output-excellence-outcome-productivity using indicators that represent quantity, quality and productivity dimensions 7 . The quantity dimensions are size-dependent, whereas the quality and productivity dimensions are size-independent. The largest active institutions, the most productive institutions and the fastest improving institutions over the period 2009-2014 have been identified. The present study confirms the generally accepted notion that UM and USM are the leading public universities. These two universities are the oldest in Malaysia, established in 1959 and 1969 respectively. In fact, both these universities were ranked at the top 200 in the first THES-QS Best Universities ranking in 2004. UM continues to be ranked in the top 200 of the 2014 QS Best Universities ranking.
In 2012, UM became the first university to be ranked in the Shanghai Jia Tong AWRU top 500 universities. It is now ranked in the 301-400 list of the AWRU 2014. In 2014, the USM was included in the top 500 for the first time.
It is expected that private universities will continue to strengthen their research productivity to enhance their image locally as it will be a good marketing strategy.
